Abstract. Ulcerative colitis (UC), a major type of inflammatory bowel disease, is also a chronic non-specific intestinal inflammation condition of unknown etiology. The pathogenesis of UC is closely associated with immune abnormalities, inflammatory damage and genetics. The present study aimed to explore the effects of microRNA (miR)-21-5p on the interleukin-6 (IL-6) receptor (IL6R)/signal transducer and activator of transcription (STAT3) signal pathway in UC, in order to identify a highly effective treatment for UC. A total of 45 patients with UC and 45 healthy controls were recruited for the present study. The expression levels of miR-21-5p and STAT3 in the sera of patients with UC and healthy controls were determined by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). A UC rat model was established using dextran sulfate sodium. Following lipopolysaccharide (LPS) treatment, RAW264.7 cells were transfected with a miR-21-5p inhibitor. The levels of morphological damage and apoptosis of the colonic mucosal epithelial tissue were investigated using hematoxylin and eosin staining and a TUNEL staining assay, and then the colon macroscopic damage index and disease activity index were measured in rats. Western blot analysis was used to detect the protein expression levels of IL6R, STAT3, intracellular adhesion molecule 1 (ICAM-1), NF-κB, cleaved caspase-3, cleaved caspase-9 and Fas ligand (FasL). RT-qPCR detected the mRNA expression levels of miR-21-5p, IL6R, STAT3, ICAM-1, NF-κB, caspase-3, caspase-9 and FasL. An ELISA was performed to measure the levels of inflammatory cytokines. The viability and apoptosis levels of RAW264.7 cells were examined using MTT and flow cytometry assays. Additionally, STAT3 was investigated as a direct target of miR-21-5p in RAW264.7 cells using a dual-luciferase reporter assay. The results of the present study demonstrated that inflammation and apoptotic markers were revealed to be significantly downregulated following transfection with miR-21-5p inhibitors in RAW264.7 cells induced by LPS, and that cell viability was increased. Furthermore, STAT3 was confirmed to be a target of miR-21-5p in RAW264.7 cells. Collectively, these data demonstrated that miR-21-5p inhibition mediated the IL-6/STAT3 pathway in UC rats to decrease the levels of inflammation and apoptosis in RAW264.7 cells, and suggested that miR-21-5p may be an important therapy target in human UC.
Introduction
Inflammatory bowel disease (IBD) is a chronic non-specific intestinal inflammatory disease, like ulcerative colitis (UC) or Crohn's disease. Over the previous 2 decades, the morbidity and prevalence of UC has increased, becoming one of the modern incurable diseases, as determined by the World Health Organization (1) . The duration, extent and severity of colonic mucosal inflammation is largely associated with the risk of cancer formation and promotion in UC (2) . In order to cure UC, early detection and studies examining its pathogenesis is crucial.
MicroRNAs (miRNAs) are small non-coding RNAs with the length of 19-24 nucleotides that bind with the 3'-untranslated regions (3'-UTR) of mRNA sequence to regulate the expression of its target genes (3, 4) . At present, a number of studies have demonstrated that various miRNAs are closely associated with the process of UC, indicating that miRNAs may be a therapeutic target for UC (5) (6) (7) (8) (9) . miR-21 has been suggested to serve a significant role in the development of IBD. A previous study demonstrated that the degree of intestinal inflammatory response, apoptosis of intestinal epithelial cells and their pathological scores were significantly decreased following the knockdown of miR-21 in Wistar rats treated with dextran sulfate sodium (DSS), as compared with the control group, which indicated that miR-21 may promote the occurrence and development of intestinal inflammation (10) . Similarly, increased levels of miR-21 were identified in patients with UC, as compared with the control patients (11) . However, the understanding of the regulation, role and targets of miR-21-5p remains limited.
Several studies have described the association between miR-21-5p and signal transducer and activator of transcription 3 (STAT3): Gryshkova et al (12) identified an association among miR-21-5p, STAT3 and inflammatory responses in cardiac injury. In patients with celiac disease, miR-21-5p upregulation may have been caused by its target STAT3, indicating an increased activation of miR-21-5p in patients with Marsh 3C stage disease (13) . An additional study demonstrated that STAT3 was upregulated in patients with UC and that the STAT3 expression increased with the severity of UC, suggesting that STAT3 may be an evaluation index of UC severity and prognosis and a new target in UC therapy (14) . In addition, the expression levels of interleukin (IL)-6 and IL6 receptor (IL6R) in UC rats were significantly increased, as compared with the control group (15). Wang et al (16) demonstrated that dandelion polysaccharides decreased the expression of IL-6 in UC rats and the protein expression of IL6Rα and gp130 in the IL6R/STAT3 pathway, which decreased the transcriptional levels of STAT3 and IL6R mRNA and alleviated the inflammatory state in the colonic tissues of rats. Therefore, the IL6R/STAT3 pathway is associated with the process of UC, but the mechanism in which miR-21-5p mediates UC through the IL6R/STAT3 pathway remains to be elucidated.
In the present study, the role of miR-21-5p in UC was explored, with a particular focus on the effect of miR-21-5p on the IL6R/STAT3 signal pathway in UC and the regulation of inflammatory pathways and apoptosis-associated proteins in RAW264.7 cells.
Materials and methods
Human sera specimens. The study was approved by the Human Ethics Committee Review Board of Renmin Hospital of Wuhan University (Wuhan, China), and informed consent was obtained from each patient. Sera specimens were obtained from 45 patients with UC and 45 healthy individuals in the Renmin Hospital of Wuhan University (Wuhan, China) between May 2017 and June 2018. None of the patients had received prior treatment. All patients recruited for the present study were diagnosed with UC. The sera specimens were stored at -80˚C until further use. The study did not use patient names, initials, hospital numbers, or in any manner give information by which the individuals can be identified.
UC rat model. A total of 60 male Wistar rats (specific pathogen-free grade, 6 weeks, weighing 180-220 g) were obtained from Shanghai JiesiJie Experimental Animal Co., Ltd. Prior to the experiments, rats were maintained in an environmentally controlled room (22˚C±2˚C, 12:12 h light:dark cycle) with ad libitum access to food and water for 7 days, in order to acclimate to their new environment prior to initiation of the experiment. Animal experiments were approved and supervised by the Animal Care and Use and the Animal Ethics Committees at Renmin Hospital of Wuhan University. All rats were randomly divided into two groups (n=30 per group); the control and model groups. Following fasting for 4 h, the rats in the model group were given ad libitum access to 5% DSS solution for 7 days, while the rats in the control group were given ad libitum access to purified water for 7 days. During the experiment, all rats received ad libitum access to food. At the time of sacrifice, the average weight of the control rats was 263 g and the average weight of the model rats was 180 g. The rats received intraperitoneal anesthesia with 350 mg/kg 7% chloral hydrate prior to cervical dislocation. The rats exhibited no sign of peritonitis during the animal model.
Evaluation of disease activity index (DAI).
From the beginning of the experiment, the general condition of rats was observed and recorded daily. The rat body mass was measured and the fecal characteristics and hematochezia were observed regularly every day. The DAI was assessed according to DAI score (17, 18) .
Evaluation of colon macroscopic damage index (CMDI).
All rats were anesthetized and sacrificed by cervical dislocation. The distal colon tissues (~8 cm from the anus) at the same horizontal segment were used for the preparation of pathological tissue sections. The changes in the mucosa and serosal surfaces of the colon tissue were observed with the naked eye. The CMDI of colonic tissue was assessed according to the criteria for the assessment of microscopic colonic damage (19) .
Evaluation of tissue damage index (TDI).
A piece of fresh colonic tissue (1.0x1.0x0.2 cm) was collected and fixed in 4% paraformaldehyde at 4˚C for 24 h in an embedding box, and then embedded in paraffin. Paraffin sections (3-4 µm) were dewaxed with xylene for 10 min, dehydrated in 75 and 85% alcohol for 10 min and stained with hematoxylin for 2-3 min and 0.5% eosin for 1 min at room temperature. HE-stained samples were observed using a TS100 inverted optical microscope (CFI60 optical system; Nikon Corporation) at the magnification of 100. TDI of the colonic tissue was assessed according to the histological grading of colitis (20) .
Cell transfection. RAW264.7 cells were purchased from American Type Culture Collection. RAW 264.7 cells (1x10 5 /ml) were seeded in 96-well plates at a density of 1x10 5 /ml. RAW264.7 cells were induced by 1 mg/l LPS (Sigma-Aldrich; Merck KGaA) at room temperature for 24 h. The miR-21-5p inhibitor and inhibitor control from Shanghai GenePharma Co., Ltd. were transfected into LPS-induced RAW264.7 cells using Lipofectamine ® 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO 2 for 48 h. miR-21-5p inhibitor was 5'-UCA ACA UCA GUC UGA UAA G and inhibitor control was 5'-CAG UAC UUU UGU GUA GUA G. After 24 h, the transfected RAW264.7 cells were used for subsequent experiments. The RAW264.7 cells were divided into three groups: Untransfected (control); cells transfected with inhibitor control (NC), and cells transfected with miR-21-5p inhibitor. The success of the transfection was examined by reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Dual-luciferase reporter assay. TargetScan software 7.2 (http://www.targetscan.org) identified that STAT3 was a potential target of miR-21-5p and a luciferase activity assay was performed to verify this prediction (21) . The RAW264.7 cells were co-transfected with STAT3 3'UTR pmirGLO plasmid [containing wild-type (WT) STAT3 3'-UTR or mutant (MUT) STAT3 3'-UTR; Promega Corporation] and miR-21-5p inhibitor or NC vector using Lipofectamine ® 2000 reagent. After 24 h, the fluorescence activity was measured by the Renilla-Lumi™ Plus Luciferase Assay kit (Beyotime Institute of Biotechnology) with the Dual-Luciferase Reporter System (Promega Corporation).The method of normalization was basing on the comparison with Renilla luciferase activity.
ELISA. The level of IL-6 and tumor necrosis factor-α (TNF-α) in rat sera and RAW264.7 cells was respectively determined by rat IL-6 ELISA kit (cat. no. SBJ-R0064) and rat TNF-α ELISA kit (cat. no. SBJ-R0040) (both, Nanjing SenBeiJia Biological Technology Co., Ltd.) according to the manufacturer's protocol.
Terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling (TUNEL) staining. The paraffin sections were dewaxed with xylene twice for 10 min and then cleaned with absolute alcohol for 5 min, 90% alcohol for 2 min and 70% alcohol for 2 min, followed by the washing of distilled water for 2 min. Then, tissue slides were treated with 20 µg/ml proteinase K and incubated at 20-37˚C for 15-30 min, followed by incubation with 50 µl TUNEL solution at 37˚C for 60 min in the dark. Finally, a drop of antifade mounting medium (Beyotime Institute of Biotechnology) was added for 5 min and samples observed by fluorescence microscopy (Invitrogen; Thermo Fisher Scientific, Inc.) at an excitation wavelength of 450-500 nm and an emission wavelength of 515-565 nm. Five fields of view were observed by fluorescent microscope. Western blot analysis. Total proteins from colonic tissues and RAW264.7 cells were lysed using a radioimmunoprecipitation assay lysis buffer (Cell Signaling Technology, Inc.). A BCA Protein Assay kit (Pierce; Thermo Fisher Scientific, Inc.) was used to determine the protein concentration. Equal amounts of protein (30 µg/lane) were loaded on a 12% SDS-PAGE gradient gel to be separated and transferred to polyvinylidene fluoride membranes (EMD Millipore). Following blocking with 5% non-fat milk at 4˚C for 2 h, membranes were incubated overnight at 4˚C with the following primary antibodies:
Anti-IL6R (1:500, cat. no., ab128008); anti-STAT3 (1:1,000; cat. no., ab68153); anti-intracellular adhesion molecule 1 (ICAM-1; 1:1,000; cat. no., ab171123); anti-NF-κB (1:1,000; cat. no., ab32360); anti-caspase-3 (1:500; cat. no., ab4051); anti-cleaved caspase-3 (1:500; cat. no., ab2302); anti-caspase-9 (1:1,000; cat. no., ab52298); anti-cleaved caspase-9 (1:1,000; cat. no., ab2324); and anti-Fas ligand (FasL; 1:1,000; cat. no., ab231011). All antibodies were purchased from Abcam, and then incubated with a horseradish peroxidase-conjugated secondary antibody (1:5,000; cat. no. sc-2357; Santa Cruz Biotechnology, Inc.). The membranes were subjected to enhanced chemiluminescence assay (Pierce; Thermo Fisher Scientific, Inc.) and detected using a ChemiDoc™ XRS+ imaging system (Bio-Rad Laboratories, Inc.). The blot densities were analyzed using the Media Cybernetics Gel-Pro Analyzer software 6.3 (Media Cybernetics, Inc.). GAPDH was used as the internal control.
RT-qPCR. Total RNA was extracted from colonic tissues or RAW264.7 cells using TRIzol ® reagent (Thermo Fisher Scientific, Inc.). A total of 2 µg RNA was used for the generation of cDNA using the High Capacity cDNA Reverse Transcription kit (Thermo Fisher Scientific, Inc.). RT-qPCR was performed by a TaqMan™ MicroRNA Assay kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) for miR-21-5p and a Power SYBR Green qPCR Master Mix (Takara Biotechnology Co., Ltd.) for IL6R, STAT3, ICAM-1, NF-κB, caspase-3, caspase-9 and FasL, ccording to the manufacturer's protocols. The thermocycling conditions are as follows: Initial denaturation at 95˚C for 2 min; 38 of cycles of denaturation at 95˚C for 1 min, annealing at 37˚C for 1 min and elongation at 72˚C for 2 min; and a final extension at 72˚C for 10 min. The primer sequences for qPCR were as follows: U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'; miR-21-5p forward, 5'-TAG CTT ATC AGA CTG ATG-3' and reverse, 5'-CAG TG C GTG TCG TG G AGT-3'; GA PDH for wa rd, 5'-GGA GTC CAC TGG TGT CTT CA-3' and reverse, 5'-GGG AAC TGA GCA ATT GGT GG-3'; IL6R forward, 5'-CTC CTG CCA GTT AGC AGT CC-3' and reverse, 5'-TCT TGC CAG GTG ACA CTG AG-3'; STAT3 forward, 5'-TGT CCG TCG TGG ATC TGA C-3' and reverse, 5'-CCT GCT TCA CCA CCT TCT TG-3'; ICAM-1 forward, 5'-CCC TTC CCC CCA AAA CTG-3' and reverse, 5'-GTC ATT GTG AAC ACT GGC AGA AA-3'; NF-κB forward, 5'-CTG AAC CAG GGC ATA CCT GT-3' and reverse, 5'-GAG AAG TCC ATG TCC GCA AT-3'; caspase-3 forward, 5'-AAG GCA GAG CCA TGG ACC AC-3' and reverse, 5'-CTG GCA GCA TCA TCC ACA CAT-3'; caspase-9 forward, 5'-ATA CAC CCT GGA CTC GGA TCC-3' and reverse, 5'-TGC TGA AGC TTC TCA CAG TCC-3'; FasL forward, 5'-GAC CCA GAA TAC CAA GTG CAG A and reverse, 5'-CTG TTT CAG GAT TTA AGG TTG GA-3'. miR-21-5p and mRNA expression data were calculated relative to U6 and GAPDH, respectively, using the 2 -∆∆Cq method (22) .
Statistical analysis.
All experimental data are presented as mean ± standard deviation, and were analyzed with SPSS 19.0 (IBM Corp.). Comparisons between two groups were evaluated using s Student's t-test, and multiple comparisons between different groups were evaluated using a one-way analysis of variance with Duncan's multiple-range test. P<0.05 was considered to indicate a statistically significant difference. Fig. 1A , the median of miR-21-5p in the control group was 0.78 and the median of miR-21-5p in the patients with UC was 3.12. As demonstrated in Fig. 1B , the median STAT3 level in the control group was 0.86 and the median STAT3 level in the patients with UC was 3.25.
Results

Expression of miR-21-5p and STAT3 in human sera. As indicated in
General condition and histological analysis.
Compared with the control group, DAI increased following prolonged DSS administration ( Fig. 2A) . CMDI in the model group was markedly increased compared with that in the control group (Fig. 2B) . The colonic mucosal morphologies in each group were observed using a microscope. Clear layers of colonic structures, aligned mucosal epithelial cells, regular intestinal glands and no hyperemia and edema in the stroma were observed in the control group, while colonic mucosa edema, congestion and inflammatory infiltration were observed in the model group (Fig. 2C ). This coincided with an increased damage score in the model group, as compared with the control group (Fig. 2D) .
Expression of miR-21-5p in rat colon tissues.
As demonstrated in Fig. 3A , the expression of miR-21-5p in colonic tissue of model group was increased compared with that in the control group.
Inflammation and apoptosis in rats with DSS-induced UC.
As indicated in Fig. 3B and C, the concentrations of IL-6 and TNF-α in the rat sera were increased in the model group compared with those in the control group. Compared with the control group, the expression levels of IL6R, STAT3, ICAM-1, NF-κB, cleaved caspase-3, cleaved caspase-9 and FasL in the rat colon tissue were increased in the model group, as detected by western blot analysis (Fig. 3D ). In addition, the level of apoptosis in the colonic epithelial cells was increased in the model group, as compared with that in the control group (Fig. 4) .
miR-21-5p directly targets STAT3.
Bioinformatics analysis was performed using the TargetScan tool to predict the potential targets of miR-21-5p, and the results indicated that STAT3 is one of the target genes of miR-21-5p (Fig. 5A) . A dual-luciferase reporter assay was used to confirm this prediction. As indicated in Fig. 5B , the overexpression of miR-21-5p clearly decreased the expression of STAT3 in the 3'UTR-WT group, while no difference was observed in the 3'UTR-MUT group, suggesting that miR-21-5p directly targets STAT3.
Effect of miR-21-5p on LPS-induced RAW264.7 cell inflammation, viability and apoptosis.
The RAW264.7 cell line was used to investigate the role of miR-21-5p. As demonstrated in Fig. 6A , miR-21-5p was downregulated in RAW264.7 cells following transfection with miR-21-5p inhibitor, while no difference was observed between the NC and control groups. As indicated in Fig. 6B and C, the concentration levels of IL-6 and TNF-α in RAW264.7 cells were markedly decreased in the miR-21-5p inhibitor group, as compared with the NC and control groups. miR-21-5p inhibition suppressed the mRNA expression levels of IL6R, STAT3, ICAM-1, NF-κB, caspase-3, caspase-9 and FasL in RAW264.7 cells, as compared with that in the NC and control groups (Fig. 6D) . As shown in Fig. 7 , the expression of IL6R, STAT3, ICAM-1, NF-κB, cleaved caspase-3, cleaved caspase-9 and FasL in RAW264.7 cells was decreased in RAW264.7 cells transfected with miR-21-5p inhibitor. MTT assay and flow cytometry analyses were conducted to investigate the effects of miR-21-5p on RAW264.7 cell viability and apoptosis. As demonstrated in Fig. 8 , the viability of RAW264.7 cells was markedly increased while the apoptosis of RAW264.7 cells was obviously decreased in the miR-21-5p inhibitor group, as compared with the NC and control groups.
Discussion
In the present study, the expression levels of miR-21-5p and STAT3 was detected in the sera of patients with UC and tissues of UC rats. The general condition, histological changes, levels of inflammation-associated factors and apoptosis, and the mechanism and function of miR-21-5p in RAW264.7 cells, were also analyzed. It was identified that miR-21-5p inhibition mediated the IL6R/STAT3 pathway in UC rats to decrease the levels of inflammation and apoptosis, suggesting that miR-21-5p may be an important therapeutic target in human ulcerative colitis.
UC is a disease of the mucosal lining limited to the innermost layers of colon with cryptitis and crypt abscesses. Previous studies have demonstrated that miRNAs are associated with the progress of UCL: For example, miR-146 rs2910164 was identified to be associated with a decreased risk of UC in an Asian population (23) . The miRNA-200b mediated inflammatory responses in an RAC-beta serine/threonine-protein kinase-dependent manner to suppress tumor development (24) . miR-184 and miR-490-5p may regulate inflammatory signaling pathways, and attenuate inflammation and tissue injury in the colons of rats with DSS-induced UC (25) . However, the understanding of the effect of miR-21-5p in DSS-induced UC remains limited.
In recent years, the role of miR-21-5p in a number of diseases has been studied due to its important functions (26) (27) (28) . miR-21-5p downregulation may inhibit proliferation and apoptosis in esophageal squamous cell carcinoma (ESCC) cells and may represent a novel therapeutic target for the treatment of ESCC (29) . miR-21-5p was overexpressed in response to the inflammatory cytokines in beta cell lines, and miR-21-5p inhibition could alleviate inflammation in beta cell lines (30) . In traumatic brain injury, miR-21-5p suppressed inflammation by regulating the expression of inflammatory cytokines and NF-kB signaling and inhibited cellular apoptosis by regulating the expression of apoptosis factors and Akt signaling (31) . We therefore hypothesized that miR-21-5p may be associated with inflammation and apoptosis in DSS-induced UC. In the present study, it was observed that miR-21-5p expression was clearly increased in the sera of patients with UC and rat colon tissue with DSS-induced UC. STAT3 is an inflammation-responsive transcription factor with a role in several types of cancer (32) . STAT3 signaling is activated by inflammatory cytokines including IL-6, IL-10 and IL-22 (33) . STAT3 and the STAT3 signaling pathway have been identified to serve a prominent role in colitis (34) . Whether miR-21-5p regulates inflammation and apoptosis with STAT3 remains unknown. The results of the present study identified STAT3 to be a target of miR-21-5p, and demonstrated that miR-21-5p inhibition may regulate the expression of the STAT3-associatied pathway and apoptosis-associated proteins to alleviate inflammation and decrease the level apoptosis in RAW264.7 cells.
In conclusion, the present study indicated that miR-21-5p was downregulated in the sera and colon tissue of UC compared with healthy people and the control group. In addition, miR-21-5p inhibition may downregulate the expression of IL-6, TNF-α, IL6R, STAT3, ICAM-1, NF-κB, cleaved caspase-3, cleaved caspase-9 and FasL to alleviate the inflammation and apoptosis. In addition, miR-21-5p may exert its role partly by targeting STAT3, and miR-21-5p may be a therapeutic target for the treatment of UC. 
